6H4NH 2 (o, p), -C 6H4NMe 2 (p), -C 6H 4CH=CH 2, -C 6 H4CF 3, -C 6H4CH=CHC 6H5) foram sintetizados. O núcleo óxido apresentou propriedades re dox reversíveis que foram sintonizadas, escolhendo-se o modificador orgânico. As variações nos deslocamentos químicos na RMN de 183 W, induzidas pelos modificadores, foram também medidas e ambos os efeitos correlacionados com as propriedades de doação-aceitação eletrônica do rad i cal orgânico. As mag ni tudes destes efeitos foram comparadas com aqueles causados pelo eletrólito.
In tro duc tion
Over the last de cade, there has been great in ter est in the study of polyoxometallates (POM) as mod els for tran si tion metal ox ides 1 . These com pact ox ide clus ters of small size (around 10 Å) pres ent unique re dox prop er ties and the abil ity to mimic tran si tion metal ox ide fea tures 2 . The redox prop er ties are sen si tive to the POM com po si tion and struc ture. Strong ef fects are also mea sured with changes of elec tro lyte 3 . Re cently, the graft ing of or ganic rad i cals to a Keggin-type ox ide core was de scribed 4, 5, 6 . Asa first ex am ple of the `mod i fier ef fect', we re ported pre vi ously the graft ing of polymerizable groups to POM structrures as a pow er ful way to de velop mixed or ganic-inorganic poly mers with ad just able prop er ties 7,8 . In this Pa per, the in ter ac tions be tween the or ganic modi fier and the ox ide core are mea sured for or gan i cally mod ified POM (OMPOM) with var i ous sub stitu ents. Re dox po ten tials (cy clic voltametry) and NMR chem i cal shifts ( 29 Si and 183 W) are used as sen si tive probe for such in ter actions. were syn the sized fol low ing two pro ce dures pre vi ously described 5 . Trichlorosilane (Cl 3 SiR') in wa ter or trialkoxysilane ((OEt) 3SiR') in acid i fied wa ter were added to lacunary Keggin POM [SiW 11 O39 ] 8- (Ta ble 1) . The charac ter iza tion of a few OMPOMs has al ready been de tailed by el e men tal anal y sis, IR, time of flight mass spec trom e try, 29 Si and 183 W NMRs. These anal y ses as sert the graft ing of two R' groups, sym met ri cally an chored to the edges of the hole in the lacunar [SiW 11 O39 ] 8clus ter, as pro posed by Knoth 9 (Fig. 1 ). All com pounds were pu ri fied twice by recrystallization in DMF/wa ter or DMF/ac e tone mix tures and the pu rity of these com pounds was shown to be above 95% (main im pu rity is [Bu 4 N] 4 [SiW 12 O 40 ]).
Ex per i men tal
NMR spec tros copy 1 H, 13 C-{ 1 H} and 29 Si-{ 1 H} NMR spec tra were recorded to check the pu rity of the com pounds (Bruker AC250 spec trom e ter). 183 W NMR spec tra were re corded on a Bruker AM500 spec trom e ter fol low ing usual pro cedures 5 . With re spect to the low sen si tiv i ties of these tech niques, mea sure ments could be only ob tained when suf fi cien t quan ti ties of com pounds were avail able. W1, ... W6 la bels are ar bi trary as signed in re gard to the POM struc ture. Elec tro chem is try: Re duc tion po ten tials ( vs. SCE) for the two first re dox stages in Bu 4NBF 4 (0.1M)/DMF elec tro lytes, scan rate 50 mV/s.
R' 29 Si (ppm)
SiR' SiO 4 183 W chem i cal shifts (ppm) (rel a tive in ten si ties) 
Elec tro chem is try
Elec tro chem is try mea sure ments were per formed in differ ent elec tro lytes, fol low ing usual pro ce dures 10 . In all exper i ments, the con cen tra tion of the elec tro lyte was 0.1 M in sup port ing salt, and the con cen tra tion of OMPOM was fixed to 10 -3 M. The work ing elec trode was a 0.07 cm 2 disk of glassy car bon, pol ished be fore each mea sure ment (1 µm grain size SiC paste). The ref er ence elec trode was a sat urated cal o mel elec trode (SCE), ex cept in acetonitrile where an Ag/Ag + elec trode had to be used. So lu tions were degazed with dried ar gon prior to mea sure ments. Cy clic voltammetry ex per i ments were per formed with scan rate from 1000 mV s -1 down to 1 mV s -1 and char ac ter is tic poten tials were re pro duc ible within 5 mV. Two suc ces sive monoelectronic re vers ible stages pro ceeded, as shown by the 60 mV mea sured be tween re duc tion and ox i da tion stages, coulometric mea sure ments and the in ten sity-scan rate re la tion ship (I = v 1/2 ).
Re sults and Dis cus sion
Ta ble 1 pres ents the prop er ties of 14 OMPOM as their tetrabutylammonium salts.Vari a tions in the chem i cal shifts of all nu clei can be seen with the na ture of the or ganic mod i fier group. 29 Si sig nals are very sharp, and changes in the chem i cal shifts are noted for both the or ganic bonded sil i con atom and the cen tral oxometallate sil i con atom. The first ef fect is due to σ−π in ter ac tions be tween the or ganic group and the sil i con at oms and par al lels those ob served for trichloro or trialkoxy sil anes 11 . NMR Si-W cou plings were ob served on this first sig nal, and their sim i lar val ues re flect the iden ti cal struc ture of the dif fer ent OMPOMs. The mag ni tude of the ef fect on the sec ond sil i con is much lower and one should as sume a mod er ate vari a tion of the sil i con par tial charge 12 . Changes in chem i cal shifts are also ob served for all W nu clei. The mag ni tude of this ef fect varies from 0.8 ppm for W1 to up to 8.4 ppm for W6. Assuming also that this ef fect arises mainly from changes in the par tial charge on the dif fer ent tungstens, the stonger effect mea sured on W5 and W6 as serts the prox im ity of the or ganic groups to these nu clei 13 .
A sig nif i cant vari a tion in the re duc tion po ten tials, measured in DMF/Bu 4 NBF 4 was ob served for the two first redox steps of the dif fer ent OMPOMs, rang ing from Vol. 8, No. 1, 1997 Or 1000mV ( vs. SCE) up to -890 mV. Ta ble 2 re ports the data ob tained for some of these com pounds in dif fer ent solvents. The ferrocene/ferricinium (Fc/Fc + ) cou ple was used for stan dard iza tion of all mea sure ments in or der to compare the re sults on a com mon scale. Se vere vari a tion of the re dox po ten tials was ob served, de pend ing on both the solvent and sup port ing salt. Ob vi ously, the sol vent strongly af fects the re dox po ten tials (it could be parametrized by the ac cep tor num bers 14 ), while the na ture of the sup port ing salt af fects mainly the dif fer ence be tween the re dox stages. How ever, the rel a tive re dox po ten tials of the dif fer ent OMPOMs are not af fected by chang ing the elec tro lyte. This fun da men tal ob ser va tion dem on strates the in trin sic ef fect of the or ganic substituent on the re dox po ten tial, which ap pears to be re lated to the elec tronic ac cep tor/do nor be hav ior of the or ganic substituent. The abil ity to be reduced is in creased when the ox ide core is elec tron de pleted, i.e. , when the R' or ganic group is more electronegative 15 . Fig ure 2 cor re lates the data ob tained from elec tro chem is try and 183 W NMR mea sure ments on some of these compounds. A strong re la tion ship be tween these two sets of mea sure ments is ev i denced by the par al lel ef fects and both should be re lated to the π-ac cep tor char ac ter of lacunary polyoxometalate 16 and the elec tronic ef fect of the or ganic group. The strong π-con ju ga tion be tween both or ganic and in or ganic moi eties is ex alted in com par ing the re dox po tentials of para and ortho aminophenyl de riv a tives, re spectively -1000 and -890 mV ( vs. SCE). Only in the first of these com pounds, the lone pair may be con ju gated with the ox ide core, lead ing to a rather low re duc tion po ten tial. This work re ports the strong syn ergy be tween or ganic and in or ganic com po nents in a se ries of or gan i cally mod ified heteropolymetalates. Two tech niques were used, both mea sur ing the elec tronic charge on the tung sten core. Elec -tro chem is try av er ages the charge ef fect on the whole ox ide clus ter (EPR of 1ere duced spe cies dem on strates the electron delocalization at room tem per a ture), while 183 W NMR spec tros copy could pro vide a se lec tive map ping of the charge on the dif fer ent tung sten at oms. Mod er ate con ju gation ef fects were mea sured and a fine tun ing of the re dox po ten tial was ob tained by the choice of the mod i fier group. How ever, for these dif fer ent com pounds, the mag ni tude of the intramolecular ef fect is low in com par i son with the solvent ef fect. This could be due to the siloxane bond which is cer tainly not the best elec tronic junc tion. Other mod i fi cation meth ods of polyoxometallates have al ready been described 2, 4, 16 . They could be a key to ob tain functionnalized mol e cules with un usual be hav ior for the fields of mo lec ular elec tron ics and non lin ear op tics. Fig ure 2 . Cor re la tion be tween elec tro chem i cal (re duc tion po ten tial in Bu 4NBF 4/DMF elec tro lyte ( vs. SCE)) and 183 W NMR chem i cal shifts (for W6 at oms) data. The dots rep re sent the decyl, ethyl, allyl, vi nyl and phenyl spe cies re spec tively, from left to right.
